Persistence of postoperative radicular pain after surgery for multifocal disc herniation (MFDH) is a clinical problem. This study aims to evaluate the effects of a combined treatment approach compared with unilateral stabilization on early postoperative radicular pain in patients with MFDH.
Introduction
Lumbar disc herniation (LDH) is classified as central, paracentral, far lateral, foraminal, and subarticular. [1, 2] Radiculopathy is typically caused by paracentral disc herniation compressing a single nerve root. [3] Although rare, disc herniation causes neural compression in multiple compartments (multifocal), resulting in biradicular symptoms. [1, 2] Multifocal disc herniation (MFDH) compresses the dorsal root ganglia (DRG) in far lateral and foraminal components and is associated with more severe and persistent radicular pain compared with central and paracentral disc herniation. [1, [3] [4] [5] The nerve root can be compressed by the disc and/or a hypertrophic facet within or lateral to the intervertebral foramen or bone spurs originating from the vertebral endplate. The addition of facetectomy to the decompressive surgical procedure simply provides decompression of the spinal canal and intervertebral foramen but removing annulus may result in postoperative segmental instability due to the asymmetric disc collapse. [6, 7] It has been reported that this condition might result in poor clinical outcomes. [6] Although translaminar midline (laminectomy, laminotomy, hemilaminectomy, subtotal, or total facetectomy), transmuscular far lateral, or a combination of these approaches, as well as an endoscopic procedure have been recommended in patients with far lateral, foraminal, and MFDH, there is currently no standardized surgical technique. [1, 2, 8, 9] Radicular pain persisting in the postoperative period poses a clinical problem, resulting in dissatisfaction with the procedure in patients with MFDH. It was reported that MFDH was the most important cause of intractable radicular pain in the postoperative period in patients with MFDH. [6] This study aims to compare the effects of a combined treatment approach (translaminar and far lateral) and unilateral stabilization for patients with MFDH on radicular pain in the early postoperative period.
Material and methods

Multifocal disc herniation
MFDH is a clinical condition arising from the LDH to the nerve root anatomically at the same level from the medial of pedicul and also from the lateral of the pedicul to the upper level nerve root in the foramen and the DRG. This clinical entity can be observed radiologically by magnetic resonance imaging (MRI). Disc protrusion appears as continuity toward the foramen in sagittal and axial sections. In particular, the disc in the foramen seen in the sagittal sections obscures adipose tissue and the extension to the medial of pedicule in the following sections ( Figs. 1 and 2) .
In the present study, location of the MFDH was defined as disc herniation involving 2 or 3 of the lateral (far lateral), medial (subarticular), and foraminal (pedicular level) zones. The most distinctive feature when compared with intracanalicular or far lateral disc herniation is that MFDH causes biradicular pain by compressing both the nerve root and dorsal ganglion in the intervertebral foramen and the nerve root at the same level.
Patient population
The records of 20 patients who underwent surgery for MFDH at Sanko University Konuko glu Hospital and Private Deva Hospital between 2003 and May 2016 were retrospectively reviewed. As this is a retrospective analysis, our ethic committee did not require patients' approval. The study included patients who did not have instability, did not previously undergo disc surgery, and had clinical follow-up for at least 3 months. Conditions causing severe and intractable radicular pain and the resulting nerve root compression were visualized using MRI. The information collected included age, sex, level of operation, clinical findings, and visual analogue scale (VAS) score for radicular pain before surgery, in the early postoperative period, and at 3 months after surgery (Table 1 ). Figure 1 . Preoperative axial, sagittal, and coronal MRI scans of a case operated on using the combined approach due to foraminal and far lateral disc herniation (arrow). Herniated discs were displayed only on different sequences. This patient had biradicular pain and the neural roots (L5 and S1 nerve roots) were decompressed with combined approach. MRI = magnetic resonance imaging, NR = nerve root. Ulutaş et al. Medicine (2017) 
Surgical technique
All patients were given 1 mg of intravenous midazolam 30 minutes before the operation as a premedication. Additionally, antibiotic (cefazolin 1 g) was administered for prophylaxis. Before induction, 4 L/min oxygen (O 2 ) was given through a mask for preoxygenation. Induction was then conducted using 1 microg/kg remifentanil, 2 to 3 mg/kg propofol, and 0.5 mg/kg rocuronium intravenously. After induction and oxygenation, intubation was performed with an endotracheal tube with a cuff.
To maintain anesthesia, 0.25 microg/kg remifentanil, 2% to 2.5% sevoflurane, and 4 L/min fresh gas flow (50% O2/50% air mix) were administered. Before extubation, 1 ampule of a nonsteroidal anti-inflammatory drug and 0.5 mg/kg tramadol were administered. After approximately 30 minutes in the recovery room, the patient was sent to the ward. The patients were operated on in the prone position. The disc level was identified using fluoroscopy before making a 3 to 5 cm lateral to midline skin incision. The subcutaneous tissue was Figure 2 . Preoperative axial MRI and postoperative CT images of a case that underwent TLIF and unilateral stabilization with total facetectomy due to subarticular, foraminal, and far lateral disc herniation and ostophyte. CT = computed tomography, MRI = magnetic resonance imaging, TLIF = transforaminal lumbar interbody fusion. Table 1 Demographic characteristics, operation level, VAS radicular pain score, and surgical approaches for patients who underwent surgery for multifocal disc herniation.
Age Sex Level Preoperative VAS score Early postoperative VAS score VAS Score at postoperative 3 mo Disc location Surgical approach 
Thirteen cases underwent surgery using the combined approach, 7 cases underwent decompression surgery with facetectomy and TLIF+US. Using the combined approach, the mean score for radicular pain improved by 50.4% and 72% in the early and late postoperative periods, respectively. The mean VAS score for radicular pain improved by 75% and 83.3% in the early and late postoperative periods, respectively, in patients who underwent TLIF and unilateral stabilization due to facetectomy. Far = far lateral, For = foraminal, MD = microdiscectomy, Sub = subarticular, TLIF = transforaminal interbody fusion, UN = unilateral stabilization, VAS = visual analogue scale.
Ulutaş et al. Medicine (2017) 96:9 www.md-journal.com dissected to the midline. After opening the fascia of the paravertebral muscle lateral to the multifidus muscle, finger dissection of the subperiosteal muscle was performed by reaching laterally to the facet and to the midline by subfascial dissection. The retractor was placed and the disc level was reexamined using fluoroscopy.
Combined approach
The decision to use a combined approach instead of the classical interlaminar or extraforaminal lateral approach was based on the volume of MFDH. The translaminar approach was used for MFDH in the subarticular and foraminal zones. In the translaminer approach, disc protrusion was achieved from medial of the pedicle by removing less than half of the facet joints together with classical laminatomy. Attempts were made to remove multiple degenerated disc fragments by drawing the fragments into the visual field of the microscope with the aid of a nerve hook. These discs were usually multifragmented and the foraminal zone was controlled with the far lateral approach. The extraforaminal approach was preferred for MFDH located in the foraminal and far lateral zones. The procedure was combined with the translaminar approach after the removal of the disc fragments and the foraminal zone was controlled from the medial direction. Other reasons for the combination of the translaminar and extraforaminal approaches were the observation of annular tears and removal of subligamentous disc fragments without entering the disc space. The height of the iliac wings was not a restriction for the far lateral approach in our cases with a herniated disc at the level of L5-S1.
Facetectomy with unilateral stabilization and transforaminal lumbar interbody fusion
Each of all patients was tried to be performed by combined approach but inability to provide sufficient decompression using the combined approach for MFDH compressing the nerve roots exiting the spine at the same, or upper level necessitated large laminatomy or direct facetectomy to weaken the support from the pars interarticularis. Less extensive manipulation was performed in a large area near the nerve root and DRG in these patients. To obtain a wide surgery working area with facetectomy is facilitated to remove the herniated disc and end plate materials. Thus, the mechanical pressure, which causes pain, and the nucleus pulposus, which is the source of chemical mediator, are removed by effective decompression. Transforaminal lumbar interbody fusion (TLIF) and unilateral transpedicular stabilization was performed after discectomy to empty the disc space to correct iatrogenic segmental instability after decompression.
Patients who performed unilateral stabilization were given 0.5 mg/kg tramadol for the establishment of surgical pain control in early postoperative period. NSAİD was ordered in discharge period. Patients who performed combined approach were given NSAİD in both postoperative and discharge periods. However, tramadol was ordered for patients those who have persistent radicular pain were unable restored through NSAİD in early postoperative period.
Statistical analysis
The statistical analysis was performed using SPSS (Statistical Package for Social Sciences Inc, version 22.0, Chicago, IL).
Pearson correlation coefficients were used to evaluate the relationship between the surgical approaches (combined approach versus facetectomy and fusion) and early postoperative pain. x 2 tests were used to compare preoperative and postoperative pain scores. A P value less than 0.05 was considered statistically significant.
Results
Twenty cases underwent surgery due to MFDH, and all patients had severe unilateral radicular pain. The procedural approach (translaminar or far lateral) was determined based on disc volume. In 13 cases, neural decompression was achieved by the removal of a herniated disc that occupied multiple compartments using the combined approach. The discectomy was not performed in these cases; only fragmentectomy was performed and the subligamentous disc fragments were removed. The combined approach failed to achieve sufficient neural decompression in 7 cases and these patients required more extensive laminatomy or facetectomy to weaken the support from the pars interarticularis. The presence of degenerative disc disease and a herniated disc that could not be removed single piece, or the presence of multifragmented disc herniation, osteophytes originating from the end plate and compressing the foramen accompanied with a herniated disc, and the need to perform a laminatomy large enough to weaken the isthmus support were factors that required facetectomy. In these cases, TLIF and unilateral transpedicular stabilization were performed due to iatrogenic segmental instability.
The mean age of the sample was 49.4 ± 10.1 years. The femaleto-male ratio was 8:12. The distribution of cases according to the disc level was as follows: L5-S1, 3 (15%); L4-5, 11 (55%); L3-4, 5 (25%); L2-3, 1 (5%). The herniated disc was located in the subarticular and foraminal zones in 6 cases (30%), foraminal and far lateral zones in 8 cases (40%), and foraminal, extraforaminal, and subarticular zones in 6 cases (30%).
The mean VAS score for radicular pain in cases treated with the combined approach was 8.2 in the preoperative period, 4.07 in the early postoperative period (first 1 week), and 2.3 three months after surgery (P < 0.001). There was a significant improvement compared with the preoperative period and the mean score for radicular pain improved by 50.4% and 72% in the early and late postoperative periods, respectively. The mean VAS score for radicular pain in cases who underwent TLIF and unilateral stabilization due to facetectomy was 8.4 in the preoperative period, 2.1 in the early postoperative period, and 1.4 three months after surgery (P < 0.001). There was a significant improvement compared with the preoperative period. In these cases, the mean VAS score for radicular pain improved by 75% and 83.3% in the early and late postoperative periods, respectively.
Leg pain persisted in the early postoperative period in 5 of 13 patients (38.5%) who underwent surgery using the combined approach. However, control radiologic investigations revealed no recurrent or residual disease. Follow-up for these cases included administration of nonsteroidal anti-inflammatory medications and physical therapy and resulted in significant improvement in the leg pain. The radicular pain score in cases who underwent decompression of the intervertebral foramen using facetectomy and removal of the disc material using microdiscectomy showed significant improvement from the early postoperative period compared with cases who were operated on using the combined approach (P < 0.01). The correlation analysis Ulutaş et al. Medicine (2017) 
Medicine showed a significant relationship between radicular pain and the surgical approach (r = 0.69, P < 0.01) ( Table 1) . None of the patients experienced any complications, such as dural injury or infections.
Discussion
The cases with MFDH were operated on using a combination of translaminar and extraforaminal approaches. Fusion surgery was performed in 7 cases (35%) who underwent facetectomy after the discectomy procedure. The presence of a herniated disc that could not be removed in its single piece or the presence of a multifragmented disc herniation, osteophytes originating from the end plate, and laminatomy large enough to weaken the isthmus support and resulted in facetectomy and perioperative instability. Radicular pain persisted in 38% of the cases, although there was a significant improvement in leg pain in the early postoperative period with the combined use of the translaminar and extraforaminal approaches. However, the cases who underwent facetectomy followed by microdiscectomy, TLIF, and unilateral stabilization noted a significant improvement in leg pain, which started during the early postoperative period. This difference might have been due to significant decompression and removal of the disc space.
The lateral spinal canal, known as the "secret zone," cannot be accessed using classical surgical methods and is divided into 3 areas, subarticular (lateral recess), foraminal (pedicle), and extraforaminal (far lateral). [7, 10] Due to anatomic contiguity, a herniated disc in these areas can compress exiting nerve root and dorsal root ganglion superiorly and exiting nerve root at the same level. In addition, foraminal osteophytes can also cause foraminal stenosis and compress the exiting nerve root. The facet joint envelops the intervertebral foramen and lateral aspect of the disc space due to narrowing of the interpedicular space in the cranial direction. [1, 11] Therefore, access to the "secret zone" during lumbar disc surgery using the translaminar approach requires further facet joint resection at the more cranial levels. In particular, access to the lateral zones using the translaminar approach for MFDH requires more extensive laminotomy. Decompression with facetectomy is recommended, even for isolated far lateral disc herniation, due to the accompanying significant degree of lateral recess stenosis. [12] On the other hand, it had been reported that a far lateral approach using endoscopy or microsurgery was sufficient in far lateral disc herniations without lateral reses stenosis. [1] Although various surgical approaches can be employed in extraforaminal and pure foraminal herniated discs, there is no consensus on a standardized approach for treating MFDH. [10] Extensive laminatomy increases the risk of weakened or impaired integrity of the pars interarticularis, stress fractures, and instability. [13] Ryang et al [14] detected late fracture of the pars interarticularis in 2 of 48 cases who were operated on using the combined approach. However, we observed that disc fragments were left inside or outside the foramen because attempts were made to remove multiple degenerated disc fragments by drawing the fragments into the visual field with the aid of a nerve hook and with unilateral control of the neural foramen. For this reason, the combined approach (involving the translaminar and far lateral) is an effective alternative to the unilateral approach in patients with MFDH. [9, 15, 16] Paolini et al [9] preferred to use extraforaminal exposure, followed by intraforaminal exposure, in the combined approach. In the present study using the combined approach, the choice of initial approach was determined by the greater disc volume. As surgical exposure, the combination of translaminar and lateral exposure achieved sufficient decompression in MFDH at the L5-S1 level. However, the combined approach or facetectomy achieved neural decompression at L4-5 or higher levels. MFDH at the L3-4 and L2-3 levels, in particular, required facetectomy and bone removal sufficient to weaken the pars interarticularis to access the discs in the neural foramen from the medial and lateral aspects. Due to segmental instability caused by facetectomy, these cases also underwent unilateral stabilization and interbody fusion, which has been reported as an effective treatment alternative in such cases. [17, 18] It was noteworthy that these cases exhibited improvement in radicular pain starting in the early postoperative period, whereas cases operated on using the combined approach reported persistence of pain, although there was an improvement in radicular pain. Aoki et al [19] reported that unilateral pedicle screw stabilization and TLIF resulted in less improvement in back pain and radicular symptoms in grade 1 and 2 degenerative spondylolistesis. In our study, unilateral stabilization was performed to prevent iatrogenic instability caused by facetectomy, not for degenerative instability.
Herniated discs in the foraminal and far lateral zones exhibited multifocal localization in 15% and 16.8% of cases in previous studies. [6, 20] In these cases, the risk of persistent postoperative leg pain or recurrence of pain after a short period of time was reported to be 3 times higher compared with patients with far lateral LDH. More extensive removal of the annulus and facet joint during surgery, postoperative asymmetric disc collapse, and possible segmental instability might have contributed to the higher risk of pain in these cases. [6] The persistence of leg pain in the early postoperative period in 5 of 13 cases operated on using the combined approach in this study was associated with extensive manipulation of the dorsal ganglion [4, 6] and continuous release of inflammatory cells, cytokines, and chemical agents derived from the nucleus pulposus from the annular defect into the area containing the dorsal root ganglion. [21, 22] The DRG is anatomically located in the intervertebral foramen and the pathologies and the tears formed on the surface of the intervertebral disc that are oriented toward the intervertebral foramen effect the DRG and the nerve root. Omarker and Myers [23] have suggested that bioactive substances from the nucleus pulposus may cause pain behavior changes in nerves due to deformation of the nerve by earlier mechanical stimulation. The authors reported that sensitivity to inflammatory substances originating from the nucleus pulposus is increased by joining the DRG to the deformation. After treatment with the combined approach in MFDH cases where the annular tear is close to the dorsal root ganglion, inflammatory mediators from the nucleus pulposus continue to affect the dorsal root ganglion and ultimately it is thought to be caused to continuing radicular pain. It is also thought that the reason why the similar problem is not encountered in each lumbar disc case might be due to the localization of the annular tear and to the relation with the DRG. Pain relief achieved with bed rest and use of nonsteroidal antiinflammatory medications provides support for this argument. Preservation of the foraminal height by increasing the intervertebral height with TLIF and less extensive manipulation of the dorsal root ganglion while attempting to bring the disc fragment into view are advantages compared with the combined approach. Evacuation of the disc space to perform TLIF also eliminated the source of chemical mediators to which the dorsal ganglia exhibit high sensitivity. Elimination of chemical mediators of pain, in addition to mechanical decompression, contributed to pain relief. www.md-journal.com
Conclusion
Although the combined approach is an effective alternative to the classical interlaminar approach in patients with MFDH, sometimes sufficient decompression is unable to obtain. Surgery can be turned into more invasive procedure by facetectomy which leads to iatrogenic instability. In that case, performing TLIF and unilateral segmental stabilization provides sufficient stability and substantial nerve root decompression and pain relief.
Limitations
The most significant limitations of this study were its retrospective design and low number of cases. However, it was clear that early postoperative pain was a reason for dissatisfaction in our cases. The lack of measurement of annular defects in cases who underwent fragmentectomy using the combined approach was another limitation of this study.
